In situ electrical and electrochemical (EC) studies with nanometer resolution at electrified solidelectrolyte interfaces are critical for understanding the complex fundamental mechanisms in energy storage and conversion systems, biological applications, and sensors. In these studies, atomic force microscopy (AFM) has been widely adopted. For example, PeakForce EC-AFM allows for topographic and nanomechanical imaging during EC reactions, e.g. visualization of in situ SEI evolution of a Li-ion battery anode [1]. Integration with scanning electrochemical microscopy (SECM) enables the simultaneous extended capture of local EC and conductivity information. For instance, the recently developed PeakForce SECM using a nanoelectrode probe with an active conical Pt tip apex of ~25 nm in radius [2] has been used to characterize the activities of Pt catalysts on a hydrogen evolution photoanode. [3] Recently, we have developed Force Volume SECM (FV-SECM) providing improved electrochemical kinetic quantification, 3-D nano-EC, and nanomechanics. In this mode, the AFM nanoelectrode probe is moved from pixel to pixel in a fast force volume mapping (FFV) method, providing a force-distance spectrum in each pixel. During each capture of the force spectrum, each probe ramping cycle provides an SECM probe approach curve (PAC), as shown in Figure 1(a) . This method breaks the limitation of conventional SECM methods from which only few PACs are inefficiently captured from a single or very few point locations. For kinetic studies, in literature [4], researchers often quantify reaction kinetics from the two-dimensional (2D) SECM current image with the aid of a collection of simulated PACs. FV-SECM bypasses this PAC simulation and can greatly improve the quantification accuracy. FV-SECM also allows plotting the SECM current images at different tip-sample distances with nm step accuracy. In addition, during each force-distance cycle of FV-SECM, the probe can be held on the surface for a pre-defined time at a fixed force or Z position. When the probe is in the 'hold' stage, spectra of surface response are collected by varying one of the operating conditions. The built-in ramp and hold function also makes nanocontact for EC studies possible, e.g. local surface EC potential measurement. [5][6] Nanoelectric techniques have been widely used in air. However, many applications require performing such studies in electrolyte solutions. Taking Li ion battery as an example, the SEI layer is desired to be ionically conductive, electrically insulating, and mechanically elastic and robust. Probing electrical properties in situ during the SEI formation is valuable for practical device development. In a biological system, besides the bioelectricity, a living organism is generally an electromechanical system, that is, mechanical responses results from electrical stimulation, or vice versus. However, all these phenomena occur in a biological environment, that is, in a solution with an electrolyte concentration of ~150 mM and at a certain pH. For nanoparticle catalysis, the interfacial conductivity is a critical factor to determine the device performance and a direct measurement in electrolyte is more helpful than through conventional indirect EC methods with simulation. All these cases require nanoelectrical measurement in liquid, which however, is not feasible to implement today. This is due to known challenges. First, the measurement generally requires a full immersion of both a conductive AFM probe/nanoelectrode tip and the sample in electrolyte. However, to fulfill this scheme without electrical shorting, liquid spilling or
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